Aim-To develop and evaluate a new vision specific functional index for use in individuals with age related macular degeneration (AMD). Methods-Following consultation with patients with AMD and healthcare professionals, a questionnaire entitled the Daily Living Tasks Dependent on Vision (DLTV) was constructed. It was administered by interview to three separate groups of individuals aged 50 years or older: people with AMD, people with cataract, and people with no visual disability. The relations between DLTV, distance visual acuity, and disorder were examined using Pearson's product moment correlation coeYcients, stepwise regression, and principal component analysis.
The importance of the patient's perception, with regard to their level of function and their quality of life, has increasingly been recognised as paramount in patient care programmes and in clinical research. [1] [2] [3] [4] As interest has grown, instruments to measure these concepts have been developed.
In ophthalmology, several instruments for assessing aspects of visual function are in existence. These have mainly been developed for, and used as, outcome measures in the assessment of the impact of cataract surgery on visual function. They include the Visual Functioning Index (VFI), 5 the Visual Function 14 or 12 item scale (VF14 or VF12), 6 7 and the Activities of Daily Vision Scale (ADVS). 8 At present, instruments to systematically document the patient's perception have only occasionally been used as outcome measures in assessing the eVects of treatment in other ocular diseases. [9] [10] [11] In each case a disease specific questionnaire was constructed, as it is recognised that a questionnaire devised with one disorder in mind may well be inappropriate if used in patients with a diVerent disorder. [9] [10] [11] At the inception of this study no suitable instrument was available for application in patients with age related macular degeneration.
Although it is standard ophthalmic practice to assess "vision" by recording the patient's distance and near visual acuity, it is now widely recognised that these traditionally accepted measurements do not reflect visual function comprehensively. 12 13 Some reasons suggested to explain this discrepancy include the facts that (a) Snellen acuity only measures function within the central 1 0 to 2 0 of the visual field, 14 (b) this measurement is in monochrome and is at 100% contrast, unlike the real world, 15 and (c) psychophysical testing has shown the necessity for considerable visual reserve-that is, one may be able to visually resolve words of a given character size, but can read text fluently only when print size is considerably larger. 16 17 Although essential to record, the results of tests such as distance acuity, near acuity, or contrast sensitivity are limited in their ability to quantify visual function or its corollary, visual dysfunction. In practice, most clinicians attempt to overcome this problem by ad hoc history taking, but it is apparent that a more systematic means of collecting information would facilitate reproducible and accurate data recording and aid in the monitoring of outcomes.
As previously stated most visual function questionnaires already in existence were developed primarily to detect the changes in visual function which follow cataract extraction. [5] [6] [7] [8] In this situation near perfect visual restoration may be expected and many of the questions in these instruments were designed to assess the remediable disabilities typically found in patients suVering from cataract.
8 By comparison, patients with age related macular degeneration (AMD) exhibit a visual disability which is more complex, often more profound, and is qualitatively diVerent from that caused by cataract. 18 19 As such, their function might not be assessed adequately using existing instruments. It was felt that in addition to reaching a floor eVect quickly, some patients would be depressed by their repeatedly low and usually decreasing scores. In order to widen the applicability of visual function questionnaires, a new instrument was devised to examine aspects of visual function potentially aVected in people with AMD. This instrument was then piloted in three groups of subjects over 55 years of age. Two groups suVered from a visual disorder (AMD and cataract) and the third group comprised individuals with no visual loss (controls).
Methods
Patients with AMD were asked to list daily living activities with which they had diYculty because of their visual disability. Sex specific activities, such as applying make up and shaving, were excluded as it was often not possible to equate them in terms of skills required (for example, men volunteered the fact that they used an electric shaver by touch). Activities of a particularly individual nature were also excluded because of their limited applicability across the population of interest. The remaining activities were identified as those with which many AMD patients commonly had diYculty. This list was then circulated to healthcare professionals associated with the care of visually handicapped people, with an invitation to suggest other questions from their experience. A final list of tasks identified both by patients and health professionals was then drawn up and questions devised to address the relevant problems. Some questions were added about activities, which would not normally cause any diYculty in AMD patients, to ensure an adequate breadth of possible responses.
The activities fell into several broad categories reflecting various aspects of visual function which included far distance, intermediate and near vision, binocularity, field of vision, light and dark adaptation, and contrast sensitivity. The questions comprising the instrument, named the Daily Living Tasks Dependent on Vision (DLTV) are shown in Table 1 . Respondents were asked to score each of these to reflect the degree of diYculty with which they could accomplish the task concerned. Both the syntax and the scoring system were similar to those used in previous studies examining the eVect of cataract on visual function. 6 8 In the present study, the question posed to the patient was "how much diYculty do you have" followed by the particular activity. The possible responses with their scores are: 4 = no diYculty; 3 = a little diYculty; 2 = a lot of difficulty; 1 = vision prevents from doing.
If the activity was not performed for a reason unrelated to vision this was noted and the question deemed unanswered. A summary DLTV score can be obtained by adding the scores given for each item, dividing by the number of questions answered and expressing this on a scale of 0-100.
Some instruments have used a form of questioning which invites respondents to grade their perceived level of overall visual function (global self rating of vision) rather than rate the diYculty in performing specific tasks. 6 7 We therefore added two such questions (items 23 and 24) on the subject's overall impression of their distance and near visual function using a similar ordinal scale from 1-4 indicating poor, fair, good, or excellent ( Table 1 ). The responses to items 23 and 24 would not be included in the DLTV summary score.
SUBJECTS
A pre-pilot exercise was conducted to establish variation in visual acuity and individual DLTV items across subjects. This suggested that a sample size of 25-35 per group was required.
Subjects were obtained in four ways: (a) elderly patients attending a macular degeneration clinic; (b) patients about to undergo cataract surgery; (c) patients attending a general practitioner's geriatric screening unit; (d) elderly patients attending a local hospital's rehabilitation unit.
All subjects were over 55 years of age. Subjects recruited under (c) and (d) above formed the control group and were required to have a distance visual acuity of 6/12 or better in each eye, have no visual complaints, and be able to read a daily newspaper with their current reading spectacles.
The method of sampling was essentially "quota" on a first come first served basis. One hundred and eight eligible subjects were identified and all consented to interview. The DLTV was administered in a personal interview by any one of three people. The questionnaires from five subjects were rejected because of large amounts of missing data. The 103 subjects remaining were distributed as 32 controls, 37 cataract, and 34 AMD patients. All subjects had their visual acuity measured on the Snellen eye chart with their current spectacle correction if appropriate.
STATISTICAL ANALYSIS
Interobserver diVerences were examined using one way analysis of variance since diVerent interviewers had recorded responses on diVerent patients. It is recognised that there is no gold standard measure of visual function. As distance visual acuity (DVA) is the most widely used and valued measure of visual function and was available on all the subjects interviewed in this study, an initial analysis was performed to seek the correlation between DVA and the DLTV. All Snellen acuity results were converted into the log 10 of the angle of resolution-that is, log-MAR equivalents, to facilitate analysis (log-MAR acuity progresses geometrically with a fall in acuity by 3 lines between any two points on the scale representing a doubling of the visual angle). A logMAR acuity of 0 equates to a Snellen acuity of 6/6 (normal vision) and a logMAR acuity of 1 is Snellen 6/60. Thus, an increase in the acuity score indicates worsening of visual function.
We attempted to find the measure of acuity which would most accurately predict a person's perceived ability to perform visually dependent tasks by examining the product moment correlations between the individual items in the DLTV and each of the three measures of distance visual acuity-namely, acuity in the better eye, acuity in the worse eye, and average acuity in the two eyes. As the correlations between acuity in the worse eye and the DLTV were significant, the impact of this eye on a patient's ability to perform any task was examined by including the variable "diVerence in visual acuity" (as explained in results).
Stepwise regression was used to determine how acuity in the better eye, the diVerence in acuity between the two eyes, and the presence of a specific visual disorder (AMD or cataract) influenced responses on the DLTV. The resulting coeYcients of regression indicate the degree of relation between performance on the DLTV and each independent variable after the eVects of all other variables have been accounted for. Only regression coeYcients which were significant at p<0.05 are presented. We also examined how well the items of global self rating of vision (items 23 and 24) correlated with measures of acuity using Pearson's product moment correlation coeYcient.
Finally, principal component analysis was performed on the results from the entire study population, to examine the overall performance of the DLTV. This is a mathematical tool to identify independent factors (components) within a multivariate set of data. We expected distance visual acuity to have a major influence on the DLTV scores but assumed that the DLTV would provide more information than would be obtained from measuring distance visual acuity alone.
Results

GENERAL OBSERVATIONS ON QUESTIONNAIRE
ADMINISTRATION
The DLTV was found to be acceptable to patients and the questionnaires were generally completed within 6-10 minutes. There was no significant diVerence in DLTV responses obtained by the three diVerent interviewers (F = 1.56 on 2 and 98 df: p>0.05).
ANALYSIS OF THE DLTV
The age and sex distribution, and the average logMAR visual acuities of the subjects in the three groups are shown in Table 2 . There was no significant diVerence in age distribution between the three groups; however, mean visual acuities were significantly diVerent in the three groups with worst visual acuity seen in patients with AMD and the best in controls.
The correlations between the individual DLTV items and (i) distance visual acuity in the better eye, (ii) in the worse eye, and (iii) the average of both eyes are shown in Table 3 . Since better vision is represented as a lower visual acuity score the correlations are negative numbers. All correlation coeYcients were significant (p <0.05) and in the direction anticipated. Moderate correlations were seen with most items. There was a tendency towards higher correlation coeYcients between DLTV items and both "acuity in the better eye" and "the average acuity of the individual's two eyes". The overall analysis confirmed that the measure of vision which correlated best with DLTV scores was distance visual acuity in the better eye. Three items-namely, seeing and using steps, adjusting to light after being in the dark, and confidence when within one's immediate neighbourhood, correlated more strongly with acuity in the worse eye and with average acuity than with acuity in the better eye.
There were moderate correlations found between scores of global self rating of vision (GSR), for near and distance, and all measures of visual acuity. Average VA showed the strongest correlations-namely, 0.63 with GSR distance and 0.58 with GSR near.
Stepwise regression analysis was used to examine the relation between DLTV scores, vision in the better eye, the diVerence in acuity between the two eyes, and the disorder. DiVerence in VA was used as this computed measure reflects the additional influence of the worse eye but is not correlated with visual acuity in the better eye (r = −0.14: p >0.05). This analysis showed that tasks which tested the subject's ability to visually discriminate detail had larger coeYcients of determination (R 2 ). This indicates that a greater proportion of variability in DLTV scores was accounted for by the combination of visual acuity in the better eye, diVerence in visual acuity between the two eyes, and the disease status (Table 4) . Other items-for example, noticing objects oV to one side which examined factors such as navigational vision had lower coeYcients.
Where a regression coeYcient is missing in Table 4 , it failed to reach significance at the level p<0.05. In this case the impact of the relevant independent variable can be taken as zero. People suVering from AMD appeared to fare worse on certain tasks than would have been predicted on the basis of their acuity alone. This can be seen from Table 4 , column 7 (AMD present), where on 12 items of the DLTV, AMD patients are seen to be diVerentially disadvantaged when compared with either the cataract or the control group. That aspect of visual function diVerentially aVected in cataract patients appeared to be diYculty in adjusting to light after having been in the dark (column 8).
Principal component analysis showed that the first principal component was formed by a weighted average of most items measured within the DLTV. This component correlated well with the measures of visual acuity, particularly acuity in the better eye, and it explained 59% of total variation suggesting that, although not unidimensional, the DLTV has a major single dimension within it. The second principal component explained 7% of the variation and it correlated with the diVerence in visual acuity between the two eyes. The third principal component accounted for 5% of the variation and essentially diVerentiated between the two disease statesthat is, cataract and AMD.
Discussion
The DLTV was devised bearing in mind the profound central visual loss which occurs in patients with AMD, and it has provided further evidence that such individuals experience serious disability when coping with vision related tasks around their home and in their neighbourhood. Not surprisingly, the scores for DLTV items correlated most strongly with acuity in the better eye. This is in accordance with the findings of other vision specific questionnaires. 6 However, a correlation was also found to be present between DLTV scores and acuity in the worse eye, suggesting a definite contribution from the latter to visual function. Although it was not the remit of this study to examine the extent of the contribution of the weaker eye to visual function, our findings are in broad agreement with those of other investigators who have demonstrated improvements in quality of life following cataract surgery in the second eye. 20 It is interesting to note that simple global self rating for near and distance, correlating most strongly as they did with the average vision in the two eyes, also recognised the contribution of two eyes to patients' perception of their visual function.
Within the DLTV certain activities were detected with which AMD patients experienced disproportionate diYculty compared with the cataract group when visual acuity was held constant. The tasks concerned were those which involved ability to distinguish facial characteristics, reading correspondence or newspapers, and pouring oneself a drink. The visual functions of contrast sensitivity, visual search, processing speed, depth perception, and vernier acuity all play important roles in the completion of such tasks. The greater difficulty experienced by AMD patients may reflect the gravity of the underlying pathology of their condition and indicate the inability of the macular photoreceptors to process visual stimuli in this group. Since many of the other visual problems experienced by cataract patients are a reflection of an overall reduction in the visual stimulus rather than an intrinsic fault in the photoreceptors, it is perhaps understandable that when visual acuity is accounted for, patients with cataract fare very similarly to controls on the DLTV. As identified by previous studies, 6 8 however, people with cataract appeared to have a disproportionate amount of trouble adjusting to bright light conditions after having been in the dark, indicative of significant glare disability.
An overall description of the performance of the DLTV was provided by principal component analysis. This showed, not unexpectedly, that the mass of questions within the questionnaire was highly correlated with distance visual acuity in the better eye. However, the DLTV reflected substantially more than this in that approximately 40% of the variation seen in DLTV scores could not be explained on the basis of distance visual acuity in the better eye alone. The second principal component explained 7% of the variation and correlated with the diVerence in acuity between two eyes, again-that is, there was recognition of a contribution from the second eye. The third principal component identified a diVerence between patients suVering from cataract and patients suVering from AMD. Subsequent components accounted for ever decreasing amounts of the total variation. For practical purposes we did not proceed beyond the third principal component which accounted for 5% of the variation in this analysis. Future work with greater numbers could attempt to identify other variables which are being registered by the DLTV as contributing to diYculties in visual function. The multidimensional properties of this instrument satisfy the original aim of the study-that is, to provide information on patients with AMD over and above that obtained from a measure of distance visual acuity. The analysis suggests that the instrument described in the present study would be responsive to changes in many aspects of "vision", such as binocular function, factors relating to field of vision, light/dark adaptation, glare disability, depth perception, and psychometric associations-for example, confidence in getting around.
This study did not address the test-retest reliability or sensitivity of the instrument to change over time. Subsequent to this study, we have allowed the questionnaire to be self administered, employed an assisted self administration methodology (where a friend or relative performs the role of reading the questions and recording responses with strict instruction neither to prompt nor to amend the given answers), and used telephone mediated interviews. All of the aforementioned are currently undergoing investigation.
The present study has shown that the DLTV is a useful tool in the evaluation of an individual's visual status and has highlighted the diYculties encountered by patients even in early age related macular disease. More recently the NEIVFQ (National Eye Institute Visual Function Questionnaire) has been developed in the USA, potentially for use in a wide range of visual disorders. It is yet to be established whether the content area identified for this questionnaire will have validity for people with severe vision loss. 21 Comparison of the DLTV and NEIVFQ is a component of the ongoing evaluation of the DLTV in a larger cohort of individuals with age related macular degeneration.
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